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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide the element 
having high magnetic reluctance with a zero magnetic 
field by forming the element having a multilayered 
structure and a substrate formed with an insulating 
tunnel layer capable of passing a tunnel current in 
nearly a perpendicular direction to a free ferromagnetic 
layer and the free ferromagnetic layer. 

SOLUTION: A lower electrode 110 includes a boundary 
layer 114 consisting of Or and the multilayered 
structure acting as a fixed ferromagnetic layer. The 
multilayered structure is formed of two layers; a hard 
ferromagnetic layer 117 having large coercive force and 
a thin boundary ferromagnetic layer 119. An upper 
electrode 130 formed on an alumina tunnel barrier layer 
120 Is Ni4QFe6Q or Co single layer usable as the free 
ferromagnetic layer 132. An electric lead layer 150 
consisting of Al is formed on the free layer 132 
consisting of Co without using a protective layer. The 
boundary ferromagnetic layer 119 exists at the boundary 
between the hard ferromagnetic layer 117 and the tunnel 
barrier 120, The boundary layer 119 is formed by using 
Co, Co-Fe alloy, Ni-Fe alloy, etc., and is so selected 
as to generate a powerful spin filter effect. 
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n mJbm. 2. On mCOimVob h . IS^JI 9 letgtT)^^ 



aittJi<7) 2oo^ett«$-*tf#ii«jtt'*)-5-c. m m<t>ib ^^-M y hti'im^j:ij\tsnzmm^ti. ms. 

T't' S h y ^-^ y h |riEE|iJnSI^Tt'mi51I^^a«ii«ot 

mie^«fltji, hy^^/i'Jifi.i/^gi^tiaittiHi^J^fiJt^ix 20 -^yh{c{^^^w^^:frr6Ii:J£¥^f^::^[«I<olSJ-cai{c 

{fimT^s ] mi5i*5jiettii<^=E-^ y hJi. eiftnat Msiis^iSfltJi. h y^^/n&txiiaiffiittJBj&^jeBSc 

mhhb%ms.mmk<n^-:>iyh\.zn\.x\nm ^titzmit. S:*;^^. i-^-cKrieii^^iStfJtta* 

KT'*s, m.mism<r>m.hy:i^)i'm^mf: ^mm^memR*)/mj2i!^mmz^^tif:t^. 

imm ] Haiai^sfltjt«i. mimmtimhy^-ji' mm^^mmmt s^^m&sizMLxaimm^j::^ 

Ji«oisiic{5Mi-4, iS*3iiia8i<7)fi8^hy^^/i'Sf^ 30 ^tix-msmhy^^/i'- ^^ormirf&h.h'^mizMti 

[is*jS5 ] B9ieg*^iKtt®«. msmib^vy or^-^y htri: J: -^xm^mmim 

^ifeRl^N i -F eCD^^X-mi&^tltz^J^-rt^^m 1 2 ] fl(iie#®filJt{±m£^t«!»hy^vU 

tR^iis , mm 1 ie«<^is^ h y^-.;i.^«^ , ■ a- T«<oiates-t-& . wi-m. 1 1 lascoais^ h y 

o^llXCr, Pt. Pd, N i. Ta, Sm. Re. R [Il5l<«l 3 ] H?ieiEb5$fiSiiS{ifneS«t«y*by 

[ft^ias ] B?iE^®«jt«?)is 1 ¥mtm<r>^mi. c [ii^js 1 4 1 mis^m.\immmt. c o , c o 

o . P tRtfC r ^-^t'^^t'ft 0. Co-Pt-Cr <r)-^±R-l/N i - F e <^^T'flf)£$il^:/;U-r*^';> 

^A^m^iX, C r , C r - V^, T a , T i -W mtR^tll . 1 1 i6»<^fiS^ h y*;P^^^^: 'J 

^liaigiOiemhy^^/Ht-g-S^^. Co&t^Cr, Pt, Pd. Ni , Ta, Sm, Re, 

coX'tbh, rs^Jfl 1 h y^^iv^-^m^f-. m 1 1 sM(o^ h y^-Ji-m-^ji ^ 'j - -t/i'. 

[ iB*^ 1 0 ] miic o rrm^mtmiomMm o . s 50 [ m^m 1 e ] mm-mm^o^^ 1 ^isitiSf^Mti . 



f-X'h-yX. 



3 

Co. Ptm/Cri^tJ^^X'h'^. Co-Pt-C 
r-^^tfim&^tl. Cr, Cr-V^^, Ta. Ti- 

mm 1 1 Mm<^m> k u ■ -iryi.. 

[fs*^ 1 8 ] friec o^mm.m<omMim . s 

n mBS 2 . On m<OSEBt'J> l> . 1 7 leetOK 

m/mjL^mmzmm^tix . Mri^-fcofi^co^* 
mco-pt-crm±izm^^fixitLbmM 

iJCo-Pt-C rm(0!mbimLXi)^^*)m\''^^M 

m.&mt ti-t^. mfsm^ff^mmtumc o - p t 
- c r mmmij s:*^^: o te o , i -:> xm^mm 

t-^ ybimii€PMm.^TX'mMm^^mmik<7)=^- 

fne^s^jt^o^fflc oMb i^Ammm(^mzitLM.L 
x^tibi^f&L. mMm&mmmb^A^mmizM 
Lxmmm^j:ijmz h y^^/pmsESrSS-r >r b co-c^ 

i&mhy^-ii' ■ ^"^vrmb^-tPf-. Xr>xmsd.m^ 
mrn^b ummmmumLrf/MThmmzi^ 
m^iitib^. mmm^'mm^b^^m.mizML 

XmmW^j:-^f^X^isSmhy^^fl- ■ a'UT1$:®i 

mfzim'fm=f:-^yhizx'o-di.^^ti. j^-^xm 
im%m!i<r)mizx<'). mie^^'j • 't>\^(nm.^m¥ 

ik^-simiz^xl. 

mm2o]wimm&.mmmi. co, co 

[iS$JB2 1 } Co-Pt-Cr^^A<J]?(S;§il, C 
r, Cr-V-^^, Ta, T i -W-^^. Ta-VV-^ 
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w&t;fMoT-lSfi!t5/U:/;P-r*>^>3lt;?$ii7t!t?!i 

[ig^JS2 2 ] Miec ofpBStiSttiioJf ;vj±*«jo . s 

n mJ^S 2 . On mcogfflt'ft I. . mm 1 9 lefiJcOS 

%hy^-/vm-^^=&v --b/K 

[ii^«2 3 J mmmtiittm.}-y^^)\^m^m 

n-^y^X-ii-yX . 

i,i}-^x*)i^^^^mmmmb. mim.m±m 

m\'^m^mmbt:'ki^. i-:>xm=e~^yhi)m 

mmfMhb^tmm^ij\^m^^i\.fzm&izb 

i£th. mm!m.mtmb, 

^-^ yviiK mm.m^^j:\^b ^mm'^^mm&<r) 

mmmmb^^^mm<n!m\.zm.Lx^ixbim 
i^ri^rfiiic h y^-ivw^^^tz. b ffyvt^ i>.imhy^^ 

mmAm.mco=e-^yhii. ntfiesi^^iffi 
30 mmbs^^m^miznLxmmmui^x'mm^ 
-fhu, x^x9\-m.^^'skmmiz^j:i. 

mi h y^^ium^m^-t y^. 

mm2 4 ] mMmmmimtim.btmvy^^/i' 
■ y N' Tm<o!snzm:f?> . it^ii 2 3 iBa£7)Km b y 

^^MB-^m^-ty^. 

m-m2 5]miBAm.mi±mmLbm:hy 

40 [ mm 2 6 1 friei ^^mmmmi . c o , c o 
jMiR^ii-i. - tnm 2 3ie«!coia^ n y^^ju^-^m^r-^ 

ColSafC r. Pt, Pd. Nl. Ta> Sm, Re, 
RyxmfB<r>^yftiti^t.fz^mWib<r>^±i:^ts. liiR 
JI2 3K^«ofi8^ b y ^^;us^fi5?r-b y-9-. 
[1^*10 2 8 ] miS^®fiSit£7)SI 1 ^iSttilcTJl^iSti . 
Co, PtRt>'C r^-&tJ^i&t'$)0, Co-Pt-C 
50 r-^^sW^il, Cr, Cr-V^^, Ta, Ta- 
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[ii*«3 0 ] friEc oijiffi^jaf£«i7)^;v(i*?;o . 8 

[000 1] 

i:m.ti!,i-it:i^m^^(>tii,m.fs,y'y:^/um^ (mtj) 

^ M T J ^TCKt- 1. . 
[0002] 

[ffi3ft<7)83tf] JSSvhy^;!^^-^ (MT J ) iSl^ie 

y^-}V%m^^:Li>ffHz.^'rf^m^X'hi>. vy^^ji^ 

=msE.$i{zmL. 2-^<rmmM!&<r>ms\=t-^yh 
^ixh<r)^-j^yv<rmm^^^9^mm-x' 

[0003] 199 3^wi(r<ois<7)^attigffira<o h y 

^-)V^^^1^^t^,^. Heservey/5.(C:J: S"Spin-pol 
arized Electron Tunneling", Physics Reports, Vol. 
238. pp. 2U-mVfm^tlXii^ . SiST'ti-li-V^-fr'V^ 
1 %JbM 2 %(7):t-r<^r < ib-f *^^rJEB^ L*-^$ ixX 

{±, ^Shy^^;usasliSrfflv^3t2o<ol^'{t-c& 

t. lO{110 0%Xtry<ifiiL3tCr02f- y7-5-S 
fflL, maT4 0%c7)fflffi«aS^illS:S^Ucj!>^'. C^i.{± 
R. Wiesendaiiger^)tC ct S "Observation of Vacuum Tunn 
eling of Spin-polarized Electrons with the Scannin 
g Tunneling Microscope". Physics Review Letters, V 
ol. 65, 1990- page 2Al<,zm'<^hiXX\.^htii^X'h 
I. 

( 0 0 04 ] K^j£fiije;^*<l S%t*-^:'5*&<-^MT 
JS^*^, T. Hiyazaici<^{Cj;-&"Giant Magnetic Tunne 
ling Effect in Fe/Al2Q3/Fe Junction", Journal of M 
agnetisB and Magnetic Materials, Vol. 139, No. L23 
1, 1995t-ffife$ilTV^S. Li-Lm^¥m^LX\>^^ 

t , M T J m'rCOiS^&miC o F e / A 1 2 O3/C o 



^rtf -^^T'Sa-Cfi;^ 1 8 %X'h 0 , CI iH±i . 
S. Moodera^>t;iJ:4"Large Magnetoresi stance at Room 
Temperature in Ferromagnetic Thin Film Tunnel Jun 
ctions". Physics Review Letters, Vol. 74, 1995, pa 
ge 32735.t^J. S. HooderatL. R. Kinder^ J:|,"Ferro 
nagnetic-Insulato-FerroBagnetic Tunneling: Spin De 
pendent Tunneling and Large Magnetoresi stance in T 
ri layer Junctions", Journal of Applied Physics, Vo 
1. 79, 19%, page A72AIZ^(:>tlX\'^l, m^hii, 

i>mm^j:K^iz& 0 , &^-mizm u.:^m.^com 
'>-]^mcr>mm<-^mm^t^hiibxm<t?> 

^i-tztizx-oxhy^^fi- ■ ^<07m^^tifc. z 

mmMm^tU::cr)lii l. 8%tmmtiX\.^i>. 
iJCco^tiKT'Ji, m^X-Mckcom^msmn^itiil 8% 
20 t^^il. ^«m^liZ. gffl-C14%J!(^l 7% 

(n^mm^mKm.ifh-ytztm.^^ixxy.^h. 
fiCEti, mmm2 00x300// m^m^x-tx^ 

[0005]fi!oT, MTJS-fSri^J^rSSiT-;^^ 

y.msssmjmi i^fz^xm&x-m^-i-hztimm.' 
hhzt\mhi}^x:hi. m.^x'co=m^ixt:±^^<r> 
m.fm.ijam<r)&W(r)mmii, x \;ymmuzm^ h y 
^^ji^mmmx-nhtifz. mmiTmi.z. ^m^hfz 

30 Mooderatta^J^TtfftT'J)!.. tifzlZtHi. &^h*) 

x'^m^^^mmMmm^^xim^iifz:kM^m'7- 
(00061 ^(nimcouT jm=f-\z^t:>tim<m 

T--vr^(DZ'§i:^LX\i^ri:\^ZhX'hh. T. Miyazak 
i^>{Cj;^>"Large Magnetoresistance Effect in Fe/Al- 
AI2O3/C0 Magnetic Tunneling Junction", Journal of 
Magnetism and Magnetic Materials, Vol. 98, No. L7 

( 1991 ) (i , XX '/ r^.<mm.^mi t'<DX a iz l 
^nfzmmrr^i,zmtx<oi^x'hi. mim.'^^ 

[0 007] gig, I BM<019 9 6^3fl 18BWt 
*ia#ft{iili#^mO 8/61830 O^t-ti, MTJ 
m=F(D2-^nm.iimff)i-:>m^izmt-th. tfz 

ii^miz\:^y±ii)-r&t:i^. R^mti^mfUTxm 

n^^ij^&m^ixtzMT Jm'f■t:fm■thUmi}^!ii^i}- 



(5) 



^^Ba¥ 1 0- 1 62326 



^tz{m^mm!&m\t. lotoe^aj^jsits^^^ji 

[0008] 
[0009] 

(llfS*ll?i*ftl>7ttf)0#S] *f|Bfl{i. 20<7)MTJ 

t ixtfciimm.^-tyfk txm-sjmmrjm 
^x'h t . MT J ^mim.-M}^±t < , 

)v • A'u rmx-mmtih . s^^jatt^/g^iiHi 20 

Lm\.m&mmmxhh. m'm.<^%\'mmm 

$fi;t2o<^){K^4t^.^^L. si^Sjfpj^iST'tSjET' 
[00 10] 

*<7)l$ffic7)MT J M^jcoi, ^TB 1 JbW^ 6 ^#83 
j:!^^>ifiHH-t4*^, Zixiil BMcDl 9 9 6^3^ 1 8B 
ft{t7|tffl!f#ittbP.#^S0 8/6 18 3 0 0-^ta!'<'':> 

(00 1 1 ] [il i:ll2(±, Km^^'J ■ -fe;U!7)B?j^lC 
®L/^MT J m'f-^nit. 0 1 (::Bf®a:02(c^ffi5:if: 



LfzMTj mf-i±fmt:S))i.'r6fzif:>. ^-xmm^^-y 
^'lo.im hy^^^ii - yN'u TO 2 0 , aix±a5mffi^ 

^' •/ 3 0 $:^tf fif*O}$tBi0M T J t mz^ LX 
V^l,. MTJ{i:SS9±tcJB{i!c$ixS. MTJ^-?^{i:3 

'J r Ji 2 0 cOMfi L h i'^t-yp • /N' y 2 0 i: g 

M-f «^9±cjg^$fxs^-xmfiS;?.^'v;' 1 0 
10 ti. aK9±tlt«§it^x- H;1 1 2 fcli^ffi^ 1 4 . 

m^mm 1 4±t}efiit$ttyi"E^"®jKtt;ii 8^^ 

tf. 3teHtffll83Wl^Jltif{fiiSco«4. isimj<^± 

Bt^A»'5>St^, l2lteS-S6{f^,*tS. hmmx^^;^ 
BOjrg* (7y-) "SS8ttJi3 2i:. a*;i32± 

20 -^yv\±m^^tvf.m-^x^i^^<r)m\smt^h 

ttll 8 . 3 2\miit Mt^^:fj^tl^. K~XW& 
10 (02 ) <m^^ 11. 1 3 i: LTjefi^SnSTSP 

id^'^ifSiXl.. :icO:fria]{402-r-^EP3 3tLT5^L 
TV^S . h y^-iV • f<. 'J T/i 2 0 OSTiOX -y ^ 1 0 

*^=3^'?:*c#v^!}%®7^)>i^>J^^$^^l.*><^»t'$>l.. ^tU • 

hm-^zmiL-t^iz^^(r)m.mz-:>\^xii. m%^mi& 

« 1 8(?)^-^ y h{c#x i^iil.i6]#(± 1 r? U>^v^. 

±a5^S;^ «/ ^? 3 0 i^JSttl 3 2 {4iS^!t#ttA< 

m.it-}i\«i\mm.<r>^m(m^t^m^^iih ^ t (= j: o -e 

[ 0 0 1 2 ] H 3 fin 1 1 [5l«OlM*affi«0 M T J Offli 

^^.ixia^§nTi/^l>MTJ^^:U ■ -^Mz^ft-^tti 
40 T>-^l.. '<.-xmS>^;5'-y^l 0 \ l&i^^>-^^;^•/^' 
7 2 0 • miMm&X ti^T B)fiBffl*'|3l 

tX'hi>. ^~X^^X9"/9 1 0'{4, SiK9±JCff^ 

^$iifcSd*£y-Ki r±(c^^^$fj;i,. iesB4 0' 
AO' t^mm^A'im^mz^ry-i-x'hh. vtnx 

^ , is coigM-t citi-i. h mm^imW ^ixh. 
50 [ 0 0 1 3 3 M T J > ^: «; • -t/UA^gglR /^JiP^^lslffS 



(6 
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(i/i{±MTj-b;i^i£{c{aarr&c:*t4>, i^v^tiia^T) 

t) izmmtt. ^mcOUKMi. n^iOUKjUzJ:*) 10 

mzj:'o±ti>z<ommi. m^mmmmitm^ 
xmK.tfiiz^^'^MT J i:me.ijmziif&ti^^\.K mtj 

Sr^TSASSiaaittJi lttcii^<7)Miz) MTJtcfiillc 

jizmmizm.t:tt<r)^=to • -b/K7)»tit^a!i^ts 

[00 14] h:^Jt>/w >'^'jrt'«oiE#^-\-'jr<^h>' 
(Dtsnmr^^^yhizimi-h. h:^*;nia«4xf 

iittttc i -oxm^^tii . II 1 !san±«i^ h y^^ii^ ■ ^< 
r<r> V y^-^m^mimt . % 2'^WSiM<n(m.<nx 
Mzm--fh, ii^, %2mm!m<m%'^-:^yy 

mi5l«1tJl<OSaES^*-p<>htcW5:fc^t4, 1^ 

y V i: # ftl£t-J> & . t-^ y h *^ ¥ff -C' 
(4. ««S[<7)Xfy(fiffitM:^<o34ia[tt)gi7)«?^#tt(c«c 

#-r-5, -e<o»s, e*^Ki4Ji<o2o<oi!rBi^r©^t:^ 

i^jtcj: 0 , U • -fe;U02o«o^g|^ t' y htt® ( 0 
[00 1 5] 04, I15(i-fn^'il., Tfet-^lfflL/-- I B 50 
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T ffl t ^ ^>^l * MT J §R?(Cffi;^nji ill, fi!*f$tff <0M T 
J<?)ffi}Bffi:¥ffl$:S^-r. MTJ(iEll. m2\,Z^X^^h 
1)K ±a5«-&S®X -y :7 7 0 tl , W ^^IV ■ f<^^) TM 
2 0{cBSi#L^c?*ffiH±)S7 2 ^-ttf. hy^-.yi' • ^'U T 
JB2 0<^lS^t^^ri6l{4. Ta5«ffi;?.^'«/:7 1 Ocoty 

■ttL-ciK. ±mLm5 0iimz5mifzm^z^ 

K(,tLX\^i>Xdiz. mM74±izB&^ii. f-m 

mia4oizx*)m-^m^<^mix\'^?>. whiM 

lit^ (^EPl 9) {4ll^$n, eA®fiaH4«7 2iDe^l: 
(^EP7 3) {4, 9z(Pl9(Oljf^izm^0i}->tfzli 

^zi}^mixix omiSL9<7)w-mx-^^mn.-ti>. 

[0016l5fefc:iS^JtMTJ;^*«J • -fe/PiiMTJat 

1 0 , ^mkm.^mim>±mnm3 o&t/h y^t^ 

;w-KyT2 0S:*tf. ::ti4.«iig36S:^c:Tt4"M 
TJ«^tcffli,^^>itSMTJg#0«*»IBtfltjtJ4, m 

<o}m^^ixh<om.i>zmLxtmtxhi , mkc^n 
mm^MT j^i^^m&timimeizjjktxtih. 

i:LT<05nm<7)Ta. 1 0 nmtfOC osoF esotUI^ 

u - Fill ±izm^^tii . h y^>/w • ^•^ 'J r 2 0 14 
r/^5-^ (Auoa) Srm-r5^>:i^6oo#r7X-7 

R^LTt 1 . 6 n mJf COA 1 ilT'^l. . ±^tES;^:J' -y 
^' 3 0{4g*§lffltttJS 3 2 i: L-C02 0 nmiON i 60 F 
e4o<omiT'««$ilS. SSiy-K5 0{4e6a« (S 
K0J13 4) Sr«fflW=, ^ettJ83 2±taS. 2 
Onm</)Cum}lLXm^^tll. ZCOMTJW^ii^ 

tk^izmL(^^miz^mzmu^tihmnx'TUim i 

OSr*feit-rsc:ttJ:->Tf^$*il.. mzhy^^/l^- 
/■i^)rM20im^t^fztb. 1. 6nm<7)Alfli*ftS 
diizyyX^mtizii'om^A 1 2 03C^S*«f^ 
A>ixS. -e<Of^. ±g5««gX:?-y^3 0*<J^«$ilS. 
m^^j:!atim^coxy< y 9 y^/^Sr^v^it ^^0-7^ A- 
Vuy ■ T.nvm^^^i-'^WSLXWS.tW&'^t^h. 
iiSf. tiSJtiiS<4A 1 €:^<^tOii-^ A/tJ.\ A 1 

(4 1 A/^^.'t1fe«§nl>. a i T'«€aK*m^i: a i 

mm-'ik^Ztch, -y ^' 1 0<0«A<^)tTib 

I. -It, i^cAl2O3«2 0Cfl!lO%^l4«^la5S:«Sv 

-ti-l, t y * '-)Vt^tc\^ c: t {4SilT'S) 5 . 
[0017] 137(4. JS^*<MT Jglg<7)«tCit LT¥ 
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R) iOS-fkSr^-f. StiJi, hy^-)\^ ■ ^-s'JT 20 iZ-iQ Feis/A 1 2O3/C oiOMT Jg^lZOV^T hy^»;l^ 

7{:*-rj;dth:^^-;namffiSifail{i, ^^'JffljiC [0 0 l 8] ia6coliiitc{aeo)t, ^n:07(^)M*t< 

7 T'SS^liSt]+ 1 2 0 0 O e t-t y h ^fTjt . vl itJi • rT'C <^85fi®*>^.Si^ h y^/U^SSr^Clf 

Si7)t^^T-*l.. ia-^*''Oia.TC^:StMTJg^<0 fti.. @8(±*i^BB{lta!-?/cMT Jg^(?)|gji^5^-r. 
mnA^izt <^iti-?> . ZiHi±^VM(r)'^A^mftm 10 T^WM 1 1 OJiC r O^rffi® 114, swiissnse 

3 2^t-^ y b*^ Ta5«®oa^^jsttii 1 8<D^ mt Lxm< ^mm^i-kts. ^mmm.ti2-:>m. « 

-^yhff)i^^izMLx^(r)!fli^t:±t<^x.htzif)iz mi3<r)±t\.^^^mmi n tm^^m^mitmi 

M(7>=f:-^yUiKUlZ^nTt)ti}K 'h^^^nmTrX' 1 2 0±twJ^fi)t$*t-5±SS1gS 1 3 0(±, JfJStliSA 

<^iii^3$jstti 1 8o«&a:^i:tj i-f-s^is-ti. t , Tss [0019] ^mm.m 1 9 {4. sassstti 1 1 7 

(Cl^rO. ta!-:>T±a5mS3 0«0@iK14/i3 2<Ot-^y 20 19J4, Co, Co-Fe-^. Ni-Fe^^. Co 

hiznbX^mz^j:lXom^t. X-iXMTJ^mn -NI^^, Co-Ni-Fe037C^^^. SS:*}^:;^ 

&mm-ri. ztnm-25 0Oeim<r>hy:^^fi ■ 7-f;U:J'$&«$:4fel;i.J:p{c^S?$til.. 

mji&mmzh?>zMmmh. u^i)<±^\^n.m x\ty • y ^)V9^%%:^\:.h'^m!mmtvy^^)v% 

^t'^him^^ziwh^.. ® 1 8, 3 2iofi8^*-^ mFi-<nxyiywmiz%\^^ ^wi}SL/yy^-)v 

yY(ri^%<rm'mmt<ni^-'ryx\t. *«j+25 0O • v^'1Jr/^e^S3l^oii^a5t1g^^o^y;^^/^$6m$■ 
^'l Z'^%X:Yy^^)V®Smx^Wm\t. ;><t'J^K «0€^c7)r^d?yT7 (preponderance) 

^m,<mi^<n\^iMx^z%y^\^X\^ts:\^tiK CliKiMT ?!!i©T-*>l.. vy^-)V^m=f-(r>x\^y'm\i. Mtif 

JS^**-<fofiSI!tt-3E3)-i:B^§^X/i2-:>0?K^:Wc®$- R. MeserveyfcP. M. TedrowtCj;S"Spin-polarizecl Ele 
7r-%t£\^1fihX:hi>. %Wr>m&\i-XmzW^hflXii 30 ctron Tunneling", Physics Reports, Vol. 238, 199 

0, ^Xmi (ni:,<7^hmP^Vy:^^)Vmimmk^Trs 4, page 200-214tai'^^>flTV^SJ:^^, «^=5r;»ciS 

trir^l,. M;c.{fJ. S. MooderafcL. S. KindertCj:^" ^X:<r>^riy-y9 ^ yxm&im'mf^hm^h^L 

Ferromagnetic-Insulator-Ferromagnetic Tunneling : S t*<t'# h . iHBlJi: LT, StSHt^'^S dS^^lSf:^^ 

pin Dependent Tunneling and Large Magnetoresistanc (^OV^T{4, h V^-^l'^&S^-f-O-^tXI^ti^Hf^fiS 

e in Trilayer Junctions", Journalof Applied Physic -ftJ; '?::^#V^Cli:**i)A^-5T^l^5, MeserveyhTedrow 

s. Vol. 79, 1996, page 4724«4, 2m.:LXmYyy[-)V {4, 0. 4 KT'^^^N i , C oS.i;fF eOXUMSfii*?)® 

ia^tn:tfiSI?CDftil*^-rCoFe/Al 2 03/Co ^^^2 3%, 3S%m^0%)i.^l.X\^h. 

fcFe7oPt3o/A 1203/N \ v &(nW&\,z-^\\X'& *>^:0'^$v^xlf yWS*>mif#±Ji^Rtl.^>ti-'S 

^^T^i.?). J. S. MooderaiotCj; 5 "Geometrically Enha if^ Z.fl\%>£(r>l'^ti:^X:%, ^ ^ x 'J -igJ^A^ii^Ji 
need Magnetoresistance in Ferromagnet-Insulator-Fe 40 Mjm<l;OiS<, J: -5TiffS)|)^P<^: U • •fe;l/^Stlr^tiJ# 

rromagnet Tunnel Junctions", Applied Physics Lette ^<7)i!)f^SS<?)®HX'{i:Ktt?:jS^^V^, 

rs. Vol . 69, 1996, page 708(4, nWnO. o F e/A [ 0 0 2 0 ] J^,^^ • 7 ^ )V^i^¥k(n±%\^^rW^^ 

1 N/N i8oFe2ott^g|!(COV^TjS^TV^S, CCT' /Bl 1 9{4, 111 1 7 £7)T{4<?)1iJ®l^tl@iOiS(¥,ia:»] 

{4MT J m.%(r)W4U± 2 0 O e t /h$ \^mmT^z-> f)-±% <^it L<irv> 4 3 jc^^(CfW< ^tih. Zixli. M 

t^Tt, Ja^<7)-'f-f :7'jy^'(=«LTS£UTV^^:Oc: 117, 11 9<:0^®filitc7)t-^>'h*<SI.^LJt4fc^ 

i: ^BB<o*'(CL-C^^?.. mmiZT. Miyazakif>{;J:i,"La iztt't *) , ^i51Il*l«MamWft&fc ^tuet^r 

rge Magnetoresistance Effect in 82Ni-Fe/Al-Al2 0j/C \'-^Xol,Zt^t:ibl,zm.W^j:ZbT$)&. tifzL^rMMl 

0 Magnetic Tunneling Junction", Journal of Magneti 1 9litfz. Xf> ■ 7 ■( < ^hXoiZ 

sm and Magnetic Materials, Vol. 98, No. L7, 1991 5iirJi-/5<^Wlt3^^>=5:V\ My)=Srl?^AC^icll«4 0 . 8 
(■4, ±6 00ei01S?rfif2(CWLTS)tT'l4^:ON is2 50 tim-2. Onrnt^ilTi^^. 
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1 3 

[002 1] ll9fc01O{i, lastcinLTtaSrmt 
iV^lt, •) 1 1 4 ( 1 5 nmCOC r ) /I 1 7 (1 
Onm<7)Co75Pti2Cri3) / I 1 9 (2nm<^C 
o ) / 1 2 0 (12 Ofj-^r^XvgKkLJt 1 . 2 n m«0 
Al ) /I 32 ( 1 SnmOCo) /I 50 ( 1 5nm 

[0022] m9i}^(>hi}'h XoiZ. TSiffMM^im 
i^M^^^l&^th 10nm«OCo75PtuCri3/2 
nm<0Co^iit»3i(±. 1 9 0 OOe Srj@i.4it«Wi8J 10 

2-:xotyB^}toC:t$rS^1-. 
[00 23] 09. 01 OSrClCl-eiai 1, 012i:Jt 
fi^tl). 01 Hi, 20nm<7)Cr/l OnmOCoTs 
Pti2Cri3/l 20«.mUwl. 2nmC0Al/l 
5nm<0Co/l 5nmOA 1 fcV^djeiOflljtSrJ^OM 20 

X. *^BS<OMT Jt{iS=5r'5. 011,01 2lzm 

iT^txuhMT jum^mmt Lxmm^m 

O75Pti2Cri3<0m»S:#tJ. 01 l*»A>i5A»«.J:a 
{Z. Co75PtnCri3il<0efei8^ll2200Oe$:tS 

C:*t(±**BHiO^J8fll5i (09 ) coftBS^J: 0 
300Oe:^^V^. 

[00 24] 01 2(±, 01 lt:5^Uv:t<0t|SJtMT 
JS«<Ohy:t^/Ha5U£f3ii:©-^tfttftS:S^U. *^(: 30 
E|l»D$il/>:Ja^{i±3 0 0Oe<7)tgHtc|l^,ilS. 

!'i2-?<7)^t®$-^^tTi'^S. L*'L.MTJ«ohy:*^;na 
S«gfil{i*>^r'9'h$<, *«J2. 5%X'tbh. 01 2<^h 
y *;HK^ffitii*«lO;^^ $ 2r0 1 0 fc imth t , II 

fm^simtHmsi^ii. 5%*»^>*t;i2%) :*c#v^ 

lei^fiS. COK^^Ji, Co75Pti2Cr 40 

i3Jlic^i6^.iiS1tS£*IIJ^i.Ti^^V%C o^ffiii 

[00251 08<7)fitjtiOlgtti:iaS^ffi«:<7)tt«ti. « 

<r>mipWL-S:Ltz^frizi,->XTdi^^1xi>. :LiUi. 
rt«ocogEbig^??«:^i*n£:isjt:^risi«i. -en-fn<i>= 50 
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OS. 9 0Si:^IS$n«.. *|gBfl«OMTJ^S«OiJf'^ 
;i. Ci dr'tl 5 0 0 0 O e ) 

yr^WOTBT'EPiD^iX. T^1Sffi<^C 075 P 1 1 2 C r 

13/c o ^iitfei<7)^:-^ y -y h ^tih:fimzi: 
'iX^'^^tih. Mim\3T3^lQ\iZ7rsLX\^ 

h. z.fih(m\i.. mstn^uT 3^mi,z^^^xmss, 
mjitm^<r>3^<7)mm:'hh, «•« (01 3, 01 
4, 01 5, 0i6&i;0i7, 018) \t. mmc 

oJlo$B:tr(6]tcj&o-c (<i>=OjK) , g2{ccoJa«o 

mmnzm-yx (<i>=9 0flE) , ^Lx^^^zwwi 

I6l<0^:^lfi]{c?»-?T (<I>=18 0K) m&^iltziz^ 

\.^wt^mM-^znm-i> . m\sm-\tm+ 5 0 0 0 o e 

*»/?,-5 0 00Oe{C. SStzWl^+SOOOOetCX'f 
-p-^iXh. #ifa<O2#a<O0J±, EpjD (gJiiJ) JKff 

T3<r)^^jfct. ±5000Oei:±300Oe<?)M 

x^-r^ixtzm.fr^^\^x, mmi. 
3oo^-C<o^r(«]-C'#^3i6-CJ:<iK'Cv^s*<. Cogdb 

i5^**J:0:frJ^{C'5:-5. (014, 18J-016ti:t 

m . Zilt><7)T-^ii. C075Ptl2Cri3/C0O 

g^-;><■y^*^«^M^yr;^<o¥ffiT^ \^-mff)ijj^ 
[0026] •9-yT;Ko^ffl<oftSo:^ri*]{cll^?:-fe 

•y h-tS^figttti^Tt:, 01 9:^)^02 2X1/02 3(r 
S^^iltV^S. 01 97^S022{i. +5000Oe«O 
:»:^^ratffS:MDtl.v:ttJ;oT, Co75Pti2Cr 
i3/Co^«fl|jt<^^-p<yh*«<l>=90S, Oi0l^ 

yr/woTffirtioc o ^^M(7)^nmsmij^:^mzm 

r>X-^-yh^ixrzt^ <7)08<OM T J O h y ^^/HBS^ 
tar-^^^-f. 'e<7)f*> eiSBKIf. H*5±3 0 0O 

^Mf^&atfriEHtBBWv:, •!^yr;K7):ipffiir)4o 
<^tt^:^[6l(COVkT— a<7)M Ri: H;U-r*»TX^iX.2. . 
^ ^ X'^i,z^m UcXolz. ^liCo^ AIS<r>m^1f\^ 

izMixmmiti-»ryrjw)¥mf^<r)mmm(off\^ 

X'hh. JKS*^'Co75Pti2Cri3/Co^flimjt<7)^: 

-^yVii^'t'^ V^tiX^^h-H^tnt-n^ {z.ixh<^ 
f-9X'\t<b = 9 0&) ^zm\li^ixtzk^ . MTJ<7)ffi 

mtnm-x'mcd'hh (019), mm\.z, 
■t V hmi-m}fi\tm<ni]\^ ( «i>= 2 7 ojt) {cj't^o 

TfflSD$it^:t#. MTJJ£«:<ijElK.^T-*:/vt'ib-5.. 
iS?r*^'-b-y hKif<^:^i6i(ca3c-ri.:fri6) (^r-C'ii<D= 
18 0)g*!t»iOI^) tciEl«i]$ix«.t. MR^(3i:^i:' 

(<i>=9 0jS) tcTaoTMz/. iEffl*> 
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1 5 

± 3 0 0 O e HRB4>nS^.aJKI?^*»'^f vr/UWffiiOffi 
fz, Co75Pti2Cri3/Co^Jifl|jt(7)^-^yht- 

(m± 3 0 0 o e <oiffl{c:s<jRR) idm-ti 

T/PTti, MTJSS<OMR{i, Co76Pti2C ri3/ 

9{^MR^±{5t^t'^<c.^l'5:V^. 02 3(4. E^t-^ 
yh<0:fi-|6l<03O<0g$ (<I> = OS, 9 0S&t^l8 0 
j^) tov^t, ±300Oe«0liHt:SiJll$ii/::-t>'r 

fiSri¥L<*-r. 02 3*»4,i^3ti>SJ:^tc<I>t*t-rSM 20 

Rff)tmmi. M-m:c o s < *+<i>o > ^mzx o 

TS>6. @|^<Ot-;<>'h *>'<!> = OS, 90g&t^l 

s (O) , cos (3>-9 0Jg) aiXc OS (a>-18 
OS) fc^^tU, 01 97bM02 2t:5^Uv:T-:?i:- 
i:t^. 

Co-Pt-Cr^^, Co-Cr-Ta-^^, Co- 
Cr-^^, Co-Sm-^, Co-Re-^, Co-R 
u-g-^. Co-N i -X-^ife (X=Pt, Pd, ttiii 
Cr) , g{CCo-Ni -Cr-Pt. Co-Pt-C 
r-Blf, 0ffi^«^:^4-&^^, Co-^fcOffi^OTC 

h, imm%^m-t^zt\mT j^m^izt-^x^ 

■ ■\iiV(r)T\^^X'W^LfzUT jm^<^Wi<r>%^W^ 
[00283 mmm.m.'mm.'m 1 1 7 

{±. -^^i*>m?ft^olStffii)il \Am^m<m 

6. Co-Pt-Cr^<?)%^, i?®^-5^ffiSftfi(± 
Cr*<l 0-5 0 nmI?i7)?SV^;iT-S>-g). CliOftfjCr- 
V-g-^, Ta, Ta-W-^^, Ti -W-^^, W, Mo 

mcorrmmumx'^?,. 50 



^^^¥1 0-1 623 26 
1 6 

[0029] ^^BJT'Ji, Xtry • 7 ^/PrJ'^ifilliOS)?) 

mm.mcr>mmwsmzm^j:i^-Ymm. 
ttzmkmmu.immm(^^mtzi: mm^ti 

[00303 zzi.z^^7nUzMTj^^ii^ m^n 
ncormzm^mmmij^hiiiK zm^attz. e 
Am.mi:m.mzmL. m\.^x v-y^^fv • ^-yr 

m^mt^ztizX'^xim&T^i>. zoitzM 

TJ^i^li, ®7!)ia*WC*{408{:5^L!tMTJ^^i: 
liK^Uzi:>(Diz^j:l. 

[ 0 0 3 1 3 * t At LT , ^mMmmzmLxwF 

[00323 ( 1 ) mm.^i)<h^t^izmMhy^^fi^ 

mm'f-x'h'yx. mmm'fizt'jx^m^tm<oma 

xm^mmm^izm^^ti^itkmrni. ms^m 
0 i^mitis^i^^ K.smi mmmtimtx 

mmx'h -> X . m^mmmnmsL-hms^ 1 ssKttio 

^-^ y h iimmm%am.nmt 1 1= izwmfi 
mzm&^fih. m^^mmt. w^tmcomm^tfi 
hhtt=f:-^y hmMzmuti>!M^wmmt . 

mzmtx^tikmf&L. mimm^tm^^m 
miznLx\mmm:ijmz h y^tvugsssrsstc: t^o 

( 2 ) mti^m^t a*^Kttic7)^-x y h(4, en 
mmt^h I. fc § mnzm'fm^TifvS) s , fne 
( 1 ) im<7)m^hyH^iim^m=F. 

( 3 ) HiiiesA?4iSttit7)t-p<yh{$, Enapiai°r*% 
1. 1 ^ fife^«fi?3t«ot-^ y h t^^:^ LTlJJirSilT'ib 

mie ( 1 ) EScOSg^hy?^;Hi-^^^. 

(4 ) friB^ii^jtii- HuiEffiistieiiihy^^/i'^ioig 
(cf^g-ri., mrie ( 1 ) mmcom.^hy^ii^m'^'i'. 

( 5 ) fn2i*?s?sM4, mmmwitimhy^-jum 
comziiim-h. fiie ( 1 ) teiKwisamhy^^/WiE^f^ 





(10) 
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1 7 



1 8 



( 6 ) mas^^mimmmi , c o , c o co^^a ^ • -b;i.. 



( 7 ) mne^fltsiicoi^ i ^mn<o^mi. com ^-.^i^g^^ * u ■ ■b;i'. 

Cr. Pt. Pd. Ni. Ta, Sm. Re. RuSl^ ( 1 4 ) fil2i4»ffittJi<^«5«li. Co. CoO^^ 



( 8 ) tismmmmcom i ^^ttJi^^wiffi. c o . p 

t &(/c r ^-^tf ^^t'ii o.co-pt-cr (15) t5ie^««ii<r)m 1 aiiaHtJl<7)?*i«{i. Cos 

JgfigSn. Cr. Cr-V'^^. Ta. T i -W^^. 10 t^Cr, Pt. Pd. Ni. Ta. Sm. Re. Ru& 

iea<^fflts^ h (i 6 ) ffie^ifltjs^o^ i mmmmi. c o . 

( 9 ) mi^m&mm<^m i ^istta<^!tijsi±c o -c- p,t mc r jr-g-o-^^-cib 9 . c o - p t -c r-^ 

S)!.. itna ( 1) iBStiOffllSvhV'^^/l'if^mi^. iJ^m^^tl. C r . C r-V^^. Ta. T i -W^ 

(10) Buiec o ^mm&.^m<r>m^ii^o . anmn ^. t a -w^^. wsi^m o-c-«^$iiJt^/t~rA- 

ivamssj^^^i^^ -frjaoi^iai-f s . mss, v y ^t^usf ^ 2 . o n m<r)^x-h ^ . mie ( 1 7 ) ^Wjn^ v 
fiiiayj?^*-rsmi5SJKtt®i:. litis i^jittBicjg w\-^<m^<r>}i^^} . -t 

E 0 . J: -5-cfs@i^^sfifjt<ot-> >- h{±. mtima oT . Co. p t c r s:^;^^. Hines«±tjg«$ 

mn^m^f^mmt, ^-johi)^. iueep ja^sfc. a*e<)t:iicoTUi«$^i.. i^co-pt- 

JoSSTTfrieiI«^iifl|jt<0^:-^:^hW5Q:W=Sr CrM±tc}eBgSnT-eixt«ttL. iK{b&>'KCo-P 

:^iaifcJEW5r:frl6]0|g-C'aAtIl»fe^«g=5rgi«aitt t-Cr«J:'3t*»=5r'?;*:^<. ^Co-Pt-Cril 

mt . sine^sfltjt^o-jsLffissiatttJSi: iistKttioia <7)j|[;^^titefc*^=5: ^jsv^HSHsttst ^-^^^ m 
iziiLSLx^ixtmAi. mssm^f^mmmt ^rmmmmmmc o - p t -c rJio«fi5:']$:*> 

mt g 45siattJitcw Lxinmm.^j:iif^X'mss&m h ist. ^^^^^(ri^i-mc oist s^^ttssoiat: 



I. mild) ammsnhy^^/i^m-^f^^f: 



^<v7^(^mzi2.s^i. Me ( 1 1 ) iSM(om.hy 



Vicom.hy^^/i'm^iii^. 
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(20) Buf5S*KiKtt«<0!i^«{i:. C o , C oco^^ 
ai/N i - F eco^^t1ij£$ii^v:^^;l'-r*»<i>SiR$ 

^is, line ( 1 9 ) im<r>m.%hy^^)i'm'^^=tv ■ ^ 

(21) Co-Pt-Cr-&^*iB^§il, Cr. Cr 
$ni.frfflJiSr^tJ, Hi/fB ( 1 9) teigiOlS^hy^t^^l. 

(22) ffflec o ^^mmm-Mtm . snmn 

S2 . 0 nmO^fflf*?.. ff/ie ( 1 9 ) IB^OJK^h 

(23) ^'i-aua-fr^sjaj-tsia^mh^^^Mg^iK^-ty 

^A^m.m<omzmM.tx^titimL. Meiig^ 
mmmt: s^m.mizMLximm.^j:ijmz h 

mmmtumm.mi\ mm^tti^i-m&rrTizihh 
mtm^^mtmco^-^yhit. mMm^m 

mm<7)=t-j(yhi,zMLX^<r)[ti^^^l. frieii^^ 

mmmt um.m.miznLxmmm^j:i3[^xmiJ^ 
m h y^^)v • ^N'u Tm-kr«:tii>mmznti>nmjm 

( 24 ) mummmmu-m.tymYy^>)v ■ a-i; 

7;iiora(c{ag-tl>- Biiie ( 2 3 ) i£ife<7)ia^Hy^^;u 

(25) f)ia@43SfiSttffl{±Bijfea«i: SfefiS h y^-zu • 

A' 'J riontifist^ , HiiiE ( 2 3 ) tmm.% v y 
^^ivm^^^-^y^. 

(26) mll^^mmmcn^mi. c o , Co(/y-^± 
m/^ i -Fe<7)^^T1Sfi)iSfLfci?';t'-7Vj^^.ililR$ 
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20 

(27) fjie^MtSiiiO^ 1 5SSSE14iiiO!fi!JSIi, C o& 
X/Cr, Pt, Pd, Ni. Ta. Sm. Re, RuS 
t-^BOi^^-rix^^^^ciitSSctiO^^tr-^tf . mil ( 2 

3 ) wmmsss\-y^^)vm-^m-ty^. 

(28) i5ta^®fiiji£^m 1 ^iaiit^co?^««±, c o . 

PtmC r ii^tS-^^X'h O.Co-Pt-Cr^^ 
7!>*m$ft> Cr, Cr-V^. Ta, Ta-W-^ 

®*^4>msni.^®®s:-^o. lute ( 2 3 ) tmm. 

(29) mifrmm.'mmm\ic ox-ht. -mi 

(23) leiJiOja^h 

( 3 0 ) iMff ec o mimmm<r>m^\m o . s n m:^ 

^2. Qnm<7)WC'hh. MIB ( 2 3 ) tmm^h 

y^-iVi^-k^^-^y^. 

20 BI1T'J>S. 

mit:aimizU'>ximmizmii(>tifzs^m'k:3y:^ 
mmiXihh. 

m^\Wkmm(r>uT5^m?i\.xy,^hifi. ^ttcfi 
30 m.tzmi'cMi'yx^mc^titz^'sm.'^^y'^^v ■ 

[05] (Je*<7)grrOMTJ^«fflLTt^l.*'\ 5t(::5l 

(06 ] JSmW(rS«^5SKtt«i:J^Wl;®:M^5SJK 
ii<7)0-CJ)l). 

40 [07] 06C^^L^ct^*Sffi<OMTJc7)ASe<J^lS^ 

%.mrmm:mmx:hh. 

[08] xh-y • 7 ^yl-^^S^/^OiSi-^jaHl^ESSr-^ 

xMii^mmwm^^mmzm.nfzui: 

[09] *^^Bfl{rfi(lo7t. 08t5^UcMTJi7)hy^^ 
/Wa^KSlt EPJoK-frCOftlg-C'J) 0. ±5000OeCO 

[010] isr-%mzm.'>tcms>\,z^.\.fzm'Y 3(r)Vy^- 
/HS^Iftfiit mDlg^^c7:>[BiJS!T'$, 0 . ± 3 0 0 O e c7)Ji; 
50 ffl<7)?^aiS^(COt IT 13 9 1 R t M T J <7)/Eg5r:T^-r0 
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X'hh. 

[01 1 ] *IEBB(7)MTJi:l^^c7)MTJ<7)h>'^wl/K 

0 tC o 75 P 1 1 2 C r 1 3C0 1 0<7)H^^jettSSrj#^) , 
± 5 0 0 0 O e tOfifflcO^ajlK-Sf^MT J OiSgFJrS^-t 

0 trC 075 P 1 1 2 C r 1 3C0 1 OWHS^JKtt® S:^*>, 
± 3 0 0 O e ^OKffl^7)«^^llla$^fc:oV^•C0 1 1 |5l tM 

[01 3] MTJg*(7MFfflrt«0#^O:6-[S»C?aoTEn 

)vmmns:^^m:h ±5ooooe (7)efflcoi^. 

[01 4 1 MT JUsgcO^ffirt^^^^tO^rFfiltCfao-CEn 

}im^^^^m:h 0 , iEffl*«± 3 o o iciig^$ii 
0rj>*. 

[015] MTJg^Wfflrt<:0^f^c7)ir[6l(C?&oTEn 
[016] MTJS3g<WBF*3<!0#^<7)^riSKC«J-oTEn 

)vmm.mmMm:h d , ieb*«± 3 o o tciss^ii 
mx'hi>. 

[017] MTjgs^oTffii*i<^^$^coiri^{c?{}oTe] 
ivmsmm^^tsx'h ±5ooooe «offiH£?)t^ 

[018] MTJ^fg«0¥[Brt«OW£<7)^ri*I{C?S-oTEn 

mx'hh, 
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